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Abstract 
Reducing energy consumption and ensuring thermal comfort are two important considerations in designing vehicle 
air conditioning system. Alternative approach to reduce energy consumption proposed in this study is to use an 
electrically-driven compressor (EDC) powered by a 12-volt lead-acid vehicle battery which is charged by the 
alternator. This system makes the speed of compressor to be independent of the engine crankshaft speed. Typical 
belt-driven compressor of automotive air conditioning system (AAC) caused cooling capacity to vary with engine 
speed. The current research activity focuses on the experimental investigation on cabin temperature and fuel 
consumption of a 1.3 liter 5 seater hatchback vehicle on roller dynamometer at variable speed of 1800, 2000, 2200, 
2400 and 2500 rpm with internal heat load of 1000W at temperature set-point of 21°C. The overall experimental 
results show that the performance of EDC is better than the conventional belt-driven system with the opportunity for 
a better energy control. 
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Vapor compression refrigeration cycle has been used in AAC system nowadays to achieve thermal 
comfort inside the cabin. Current system cycles on and off to meet cooling requirement inside vehicle 
passenger cabin. The compressor is directly coupled to the engine crankshaft, making the speed of 
compressor to be the same as the engine speed which cannot be controlled, and at the same time, 
fluctuation of cooling capacity is happening. Big vehicles such as buses and lorries use an individual 
internal-combustion engine to drive the compressor of the air conditioning system [1-3]. 
In this paper, the proposed study focuses on the usage of EDC for AAC system. EDC is powered by 
direct current from vehicle’s battery that is charged by the alternator [4]. The main advantage of EDC is 
the compressor speed can be controlled directly regardless of the engine speed. The EDC is also simple to 
install and maintain with high potential of reducing fuel consumption [5]. This study investigates the 
coefficient of performance (COP), cabin temperature distribution, cooling capacity and refrigerant mass 
flow rate. 
 
Nomenclature 
 
EDC electrically-driven compressor  
AAC  automotive air conditioning 
COP coefficient of performance 
 
2.  Experiment Apparatus and Method 
 
Actual vehicle is used in this experiment. A 5-door A-segment hatchback with a 1.3 liter petrol engine 
is used to be the test mule for this experiment. The original AAC system using a belt-type compressor 
directly coupled to the engine, is replaced with EDC. EDC's power to operate the compressor is supplied 
from the car battery. Data acquisition system is used to monitor both the temperature distribution inside 
vehicle cabin and the AAC system. Pressure reading is taken at a high pressure after the condenser and a 
low pressure before the compressor, as shown in Figure 1. Fuel flow meter is used to measure the usage 
of fuel. Ambient temperature was 30°C, while compressor speed was varied between 1800-2500 rpm 
during experiments. Internal heat load is 1000W to simulate heat dissipation from passenger and 
environment. The compressor speed is controlled by the inverter. The system used On/Off controller, 
which is controlled by the thermostat inside evaporator.  
 
Experiment conditions are as follows: 
1. System running on R-134a as the refrigerant. 
2. The vehicle is running at 50, 70, 90 and 100km/h and at EDC speed of 1800, 2000, 2200, 2400 
and 2500 rpm simultaneously. The test was carried out based on a constantly low space load of 
the simulation room. 
3. Comparison of EDC with original ACC system. The compressor has been tested with the speed 
of up to 2500 rpm and the internal heat loads was set at 1000W. The set-point temperature 
during the experiments was 21°C. 
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Fig. 1. Schematic diagram of the EDC setup 
3.  Result and Discussion 
Fig. 2 to Fig. 5 shows the effect of compressor speed to compressor power consumption, COPactual, 
flowrate and cooling capacity. When compressor speed increases, refrigerant flow rate and cooling 
capacity increases. Compressor power consumption is getting higher as compressor speed increases. But 
as compressor speed increases, it is observed that compressor power consumption increment ratio is 
higher than that of the cooling capacity (for example from 0.1 kW consumption up to 0.8kW, compared 
to 1.0kW cooling capacity increased to 3.5kW : 8:1 to a 3.5:1). COP is however seen to be decreasing as 
the compressor increases its speed. 
Figure 6 shows the graph of fuel consumption against compressor speed. The fuel consumption of 
EDC is reduced by 3.03% to 14.69% compared to that of AAC system. Such fuel consumption 
observation for AAC system is due to this particular reason: as the speed increases, thermodynamic losses 
occur and mass flow rate of refrigerant is not stable. EDC mass flow rate is more stable because the 
compressor speed is independent from engine speed. 
 
 
 
 
 
 
 
 
 
Fig. 2. COPactual vs compressor speed           Fig. 3. Compressor power consumption       Fig. 4. Cooling capacity vs compressor                     
vs compressor speed                                                 speed 
   
 
 
 
 
 
 
 
     Fig. 5. Flowrate vs compressor speed                   Fig. 6. Fuel consumption vs       Fig. 7. Temperature distribution vs  
compressor speed    compressor speed 
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Figure 7 shows the result of a comparison of cabin temperature distribution, cooling capacity, 
compressor power consumption and COP between EDC and the conventional AAC system. In average, 
cabin temperature distribution of EDC is always lower than ACC at all speed because eventhough EDC 
has a lower cooling capacity but it is nearer to the temperature set-point, so it consumes less energy. 
It is found that the usage of DC compressor can be employed for energy-efficient refrigeration 
systems as these compressors do not require additional power inverter. The comparison showed that 
operation of the EDC system can be much more efficient than conventional compressor system especially 
at high and low speed. It offers potential of intelligent controller to be implemented so that the speed of 
compressor can be control according to the cooling load inside vehicle cabin. 
 
 
4.  Conclusion 
 
 The EDC system retrofitted into conventional vehicle offers lower energy consumption and can be 
further control with intelligence system to work depending on the cooling load inside vehicle cabin. In 
this study, capability of EDC system to have better temperature distribution is more because the speed is 
independent and not varies as the engine speed changes. Higher thermal comfort on passengers can be 
achieved with lower fuel consumption and thus lower carbon dioxide released to the environment. It is 
suggested to replace current compressor system with this system.  
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